Buffalo (*Bubalus bubalis*), the main dairy animal in Egypt (3.69 million heads), produces about 10.90% and 1.97% of the world buffalo's milk and meat, respectively \[[@r1]\]. Compared to cattle, buffaloes show greater adaptability to the tropical climate and resistance to various diseases \[[@r2]\].

However, Egyptian buffaloes are characterized by lowering the productive and reproductive potential in terms of less pronounced estrus expression and high incidence of silent heat, differences in ovulation and estrus duration, long inter-calving interval and seasonality of breeding activities \[[@r3]\]. Therefore, various estrus synchronization protocols have been admitted in buffaloes the past years to improve their reproductive performance and for the successful application of artificial insemination (AI) \[[@r4], [@r5]\]. For this purpose, many hormones have been tried for estrus synchronization in farm animals, but at variable success rates \[[@r4], [@r6]\].

Previous studies found the use of combined progesterone regimens seems better for estrous synchronization in buffaloes because of poor estrus expression and seasonality of breeding activities \[[@r3],[@r4],[@r5]\]. The controlled internal drug release (CIDR)-PGF2α is the classical estrus synchronization regimen, in which PGF2α administrated the day before CIDR removal. The Ovsynch protocol has been used efficiently to synchronize ovulation in buffaloes to achieve more precise timing of insemination without references to observing estrus signs with reasonable conception rates varied between 33 and 60% \[[@r4], [@r7]\]. To improve the efficiency of the Ovsynch protocol, some authors tried to incorporate the progesterone-releasing devices into this regimen to improve the conception rate \[[@r8]\]. Studies in cattle have emphasized the effect of CIDR-PGF2α and Ovsynch-CIDR estrus synchronization regimens on pregnancy outcome \[[@r9]\] and calving interval \[[@r10]\]. However, to the best of our knowledge, scarce studies have assessed the influence of CIDR-PGF2α and Ovsynch-CIDR regimens on ovarian activity and hemodynamic in buffaloes. Therefore, this study aimed at evaluating the effect of CIDR-PGF2α and Ovsynch-CIDR protocols on follicles population and ovarian hemodynamic ascertained by color Doppler ultrasonography, hormonal evaluation, and the subsequent pregnancy rate.

Material and Methods {#s1}
====================

Animals
-------

Pluriparous Egyptian buffaloes (n = 36) were used in the current study from February to May 2016. Animals belonging to the educational farm, Faculty of Agriculture, Al-Azhar University, Kaliobeya governorate, Egypt, and weighed 460 ± 25 kg, aged 5.2 ± 1.6 years and their body condition score was 3.25 ± 0.59. Buffaloes were housed under natural daylight conditions away from bulls during the study. They were fed a commercially prepared pelleted ration (16% crude protein/dry matter) with Egyptian sweet clover (*Trifolium alexandrinum*), and wheat straw as bulk material, and were allowed for clean water and mineralized salt licks (Asulick-H, Assuit, Assuit, Egypt) *ad libitum*. The animals were regularly prophylactic vaccinated against important infectious endemic diseases such as foot and mouth disease, Rift Valley Fever, and enterotoxemia. Other preventive treatments such as deworming were performed using appropriate broad-spectrum anthelmintic medications, and in none of the buffaloes was there any evidence of disease upon physical examination prior to beginning this study. All buffaloes were monitored behaviorally (twice a day for estrus onset) and ultrasonographically (twice a week to ensure cyclicity i.e. presence of corpus luteum: CL), for at least two consecutive estrous cycles before the beginning of the protocols.

This study was performed in accordance with the Use and Animal Care Guidelines of the Cairo and Benha Universities.

Estrous synchronization and breeding
------------------------------------

Animals were randomly assigned into two groups based on the protocol of estrus synchronization \[[@r11]\]. The first group (CIDR-PGF2α group, n = 18) received CIDR device impregnated with 1.38 mg progesterone (EAZIBREED, inter Age, Hamilton, New Zealand) inserted intra-vaginally for 7 days and an intramuscular injection of a synthetic prostaglandin F2α analogue (PGF2α; 500 µg cloprostenol sodium, Estrumate, Intervet, Merck Animal Health, USA) one day before the CIDR withdrawal. The second group (Ovsynch-CIDR group, n = 18) received treatment according to the Ovsynch protocol, accompanied by an intra-vaginal insertion of CIDR for 7 days. Briefly, two doses of 20 μg of gonadotropin-releasing hormone analog (GnRH; 5.0 ml Receptal, MSD Animal Health, Intervet International GmBH, Germany) were given intramuscularly seven days before and two days after a single dose of PGF2α. After the end of the treatment, all buffaloes were checked for behavioral signs of estrus by a vasectomized bull twice a day (at 12 h interval) to stimulate estrus behavior. All buffaloes were subjected to timed AI 12 h after synchronized estrus onset using frozen-thawed semen from a known fertile bull.

Ultrasonographic examinations
-----------------------------

All ultrasonographic examinations were performed by the same operator using B-mode/color Doppler diagnostic ultrasound (SonoAce R3, Samsung, Medison, South Korea) equipped with a 12-MHz endorectal transducer. Ovarian structures (follicles and corpus luteum) as well as follicular (FBF) and luteal blood flow (LBF) were examined daily in both groups from CIDR removal until ovulation. The occurrence of ovulation was anticipated by the disappearance of the large antral follicle(s) observed in the previous examination(s) and confirmed by the detection of corpora lutea on Day 7 later \[[@r7]\]. For pregnancy diagnosis, another transrectal B-mode ultrasonography of the uterus was performed on Days 28--35 post-insemination. The ovary was visualized rectally by B-mode ultrasonography in at least three times per examination in each animal, and follicles and CL number and diameters were assessed using the electronic calipers. After that, color then power Doppler modes were activated in slow continuous motion, constant color gain, velocity, and color-flow filter settings to display signals for blood flow \[[@r12]\] in the observed dominant follicles and CL ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Ultrasonographic imaging demonstrating the preovulatory follicle (Fo) and the corpus luteum (CL) in Egyptian buffaloes. The left panel is by B-mode ultrasonography (A, C, E, G), while the right panel is representing the color (B, F) and power Doppler modes (D, H).). Color and power Doppler images were analyzed for the blood flow perfusions area (s) in pixels using an image analysis program (Adobe Photoshop CC software, Adobe Systems, USA) as described in buffaloes \[[@r13]\]. Blood flow which is colored either blue (away from the transducer) or red (toward the transducer), and total color, and power areas were counted.

Blood samplings and hormonal measurements
-----------------------------------------

Blood samples (10 ml) were collected on Day 7 post-insertion, Day of estrus, and Day 7 post-ovulation from the jugular vein of each animal, and the harvested sera were stored at −20°C until the hormonal assay. Concentrations of estradiol (E2) and progesterone (P4) in the serum were measured using ELISA commercial kits (Equipar S.r.I Saronno, VA, Italy) \[[@r14]\]. The sensitivity for E2-EIA (Cat. No. 74070) was 1 pg/ml, and the intra-and inter-assay coefficients of variation were 7.2% and 8.5%, respectively. The sensitivity for P4-EIA (Cat. No. 74020) was 2 pg/ml, and the intra-and inter-assay coefficients of variation were 6.1% and 11.4%, respectively.

Statistical analysis
--------------------

The data are presented as means ± standard error of the mean (SEM). Statistical analysis of the data was performed. Values in both groups at each time point were compared statistically using the Mann-Whitney U test using GraphPad Prism Ver. 5.01. A probability value of less than 0.05 was considered significant.

Results {#s2}
=======

Influence of estrus synchronization protocol on ovarian activity in buffaloes
-----------------------------------------------------------------------------

At CIDR removal, there was tendency (P = 0.06) for the total follicular area to be greater in CIDR-PGF2α (254.70 ± 38.41 mm^2^) than Ovsynch-CIDR (158.80 ± 10.83 mm^2^) and this was associated with a significant increase in mean follicle diameter (6.53 ± 0.83 *vs*. 4.63 ± 0.12 mm, P \< 0.05), 1^st^ largest follicle (13.08 ± 1.21 *vs*. 8.29 ± 0.22 mm, P \< 0.001) and 2^nd^ large follicle (7.46 ± 0.75 *vs*. 4.73 ± 0.41 mm, P \< 0.05) diameters ([Table 1](#tbl_001){ref-type="table"}Table 1.Comparative efficacy of controlled internal drug release (CIDR)-PGF2α and Ovsynch-CIDR protocols on follicular, hemodynamics and hormonal changes in Egyptian buffaloes at CIDR removalItemCIDR-PGF2αOvsynch-CIDRP-value (*t*-test)Follicular dynamicsFollicle population8.20 ± 1.207.60 ± 0.600.82Total follicular surface area254.70 ± 38.41158.80 ± 10.830.06Mean follicle diameter (mm)6.53 ± 0.83 \*4.63 ± 0.120.051st LF diameter (mm)13.08 ± 1.21 \*\*\*8.29 ± 0.220.0012nd LF diameter (mm)7.46 ± 0.75 \*4.73 ± 0.410.05Follicle deviation (mm)5.62 ± 0.754.11 ± 0.430.19CL volume (cm^3^)1.22 ± 0.220.80 ± 0.170.34Hemodynamics*Dominant follicle*Flow towards transducer (Red pixels)1618 ± 3761874 ± 2370.69Flow away transducer (Blue pixels)1611 ± 3562454 ± 283 \*0.054Total blood flow (Red and blue pixels)3362 ± 3774329 ± 4800.37Power Doppler pixels2521 ± 1653470 ± 5090.73Hormonal changesEstradiol (pg/ml)6.65 ± 0.86 \*4.52 ± 0.360.05Progesterone (ng/ml)2.25 ± 0.372.92 ± 0.280.21LF: large follicle, CL: corpus luteum. Data presented as mean (± SEM). \* and \*\*\* referred to significant differences at P \< 0.05 and P \< 0.001, respectively.).

At estrus, Ovsynch-CIDR group showed higher follicle population (P \< 0.05), total follicular surface area, (287.30 ± 38.32 *vs*. 161.71 ± 25.91 mm^2^, P \< 0.05), mean follicle diameter (8.43 ± 0.35 *vs*. 6.29 ± 0.31 mm, P \< 0.01) and 1^st^ largest follicle diameter (13.56 ± 0.81 *vs*. 10.41 ± 0.95, P \< 0.05). At that time, the follicle deviations between the 1^st^ and 2^nd^ largest follicles were higher in Ovsynch-CIDR than CIDR-PGF2α group (9.10 ± 0.54 and 5.65 ± 0.74 mm, respectively, P \< 0.01) ([Table 2](#tbl_002){ref-type="table"}Table 2.Comparative efficacy of controlled internal drug release (CIDR)-PGF2α and Ovsynch-CIDR protocols on follicular, hemodynamics and hormonal changes in Egyptian buffaloes at estrus onsetItemCIDR-PGF2αOvsynch-CIDRP-value (*t*-test)Follicular dynamicsFollicle population5.00 ± 0.456.80 ± 0.37 \*0.05Total follicular surface area161.71 ± 25.91287.30 ± 38.32 \*0.05Mean follicle diameter (mm)6.29 ± 0.318.43 ± 0.35 \*\*0.011st LF diameter (mm)10.41 ± 0.9513.56 ± 0.81 \*0.052nd LF diameter (mm)5.76 ± 0.434.46 ± 0.400.09Follicle deviation (mm)5.65 ± 0.749.10 ± 0.54 \*\*0.01Hemodynamics*Dominant follicle*Flow towards transducer (Red pixels)812 ± 562461 ± 195 \*\*\*0.001Flow away transducer (Blue pixels)718 ± 493239 ± 150 \*\*0.01Total blood flow (Red and blue pixels)830 ± 605906 ± 237 \*\*0.01Power Doppler pixels3377 ± 195479 ± 322 \*0.05Hormonal changesEstradiol (pg/ml)24.31 ± 4.0235.55 ± 2.95 \*0.05Progesterone (ng/ml)0.76 ± 0.090.98 ± 0.220.17LF: large follicle, CL: corpus luteum. Data presented as mean (± SEM). \*, \*\* and \*\*\* referred to significant differences at P \< 0.05, P \< 0.01 and P \< 0.001, respectively.).

At the luteal phase, the total follicular surface area and follicle deviation tended to be greater in Ovsynch-CIDR than CIDR-PGF2α group (P = 0.07 and P = 0.09, respectively). Also, the volume of synchronized CL was bigger in Ovsynch-CIDR than CIDR-PGF2α (3.06 ± 0.83 and 2.22 ± 0.46 cm^3^, respectively, P \< 0.05) ([Table 3](#tbl_003){ref-type="table"}Table 3.Comparative efficacy of controlled internal drug release (CIDR)-PGF2α and Ovsynch-CIDR protocols on follicular, hemodynamics and hormonal changes in Egyptian buffaloes during the luteal phaseItemCIDR-PGF2αOvsynch-CIDRP-value (*t*-test)Follicular dynamicsFollicle population3.40 ± 0.245.00 ± 1.100.19Total follicular surface area118.97 ± 13.44138.43 ± 10.870.07Mean follicle diameter (mm)6.24 ± 0.667.73 ± 0.810.641st LF diameter (mm)9.90 ± 1.1411.96 ± 0.830.182nd LF diameter (mm)4.68 ± 0.584.74 ± 0.480.94Follicle deviation (mm)5.22 ± 0.807.22 ± 0.660.09CL volume (cm^3^)2.22 ± 0.463.06 ± 0.83 \*0.05Hemodynamics*Dominant follicle*Flow towards transducer (Red pixels)1306 ± 641156 ± 670.18Flow away transducer (Blue pixels)1387 ± 512361 ± 154 \*0.05Total blood flow (Red and blue pixels)2509 ± 983475 ± 1630.05Power Doppler pixels1552 ± 712362 ± 100 \*\*0.01*Corpus luteum*Flow towards transducer (Red pixels)4284 ± 3376032 ± 592 \*0.05Flow away transducer (Blue pixels)3679 ± 2495093 ± 416 \*0.05Total blood flow (Red and blue pixels)7963 ± 48011060 ± 965 \*0.05Power Doppler pixels13220 ± 56818900 ± 1350 \*\*0.005Hormonal changesEstradiol (pg/ml)4.74 ± 0.645.42 ± 0.630.23Progesterone (ng/ml)1.81 ± 0.493.94 ± 0.620.05LF: large follicle, CL: corpus luteum. Data presented as mean (± SEM). \*, \*\* and \*\*\* referred to significant differences at P \< 0.05, P \< 0.01 and P \< 0.001, respectively.).

Influence of estrus synchronization protocol on ovarian blood perfusions in buffaloes
-------------------------------------------------------------------------------------

Ovarian hemodynamic changes at CIDR removal in terms of TBF, Red and blue pixels; outflow and inflow, respectively were comparable in DF in the CIDR-PGF2α group. But, in the Ovsynch-CIDR group, the blue pixels in DF were plentiful compared to red pixels, and these values were higher (1.5 times; P = 0.054) than its contemporaries' values in the CIDR-PGF2α group (2454 ± 283 and 1611 ± 356 pixels, respectively, P = 0.054) ([Table 1](#tbl_001){ref-type="table"}).

On Day of estrus, TBF and PDP to the DF(s) were noticeably higher in the Ovsynch-CIDR group than in CIDR-PGF2α (5906 ± 237 *vs*. 830 ± 60 pixels, seven times, P \< 0.01 and 5479 ± 322 *vs*. 3377 ± 19 pixels, 1.6 times P \< 0.05, respectively). Also, DF showed an upsurge in the red pixels (Three times; P \< 0.001), and blue pixels (4.5 times; P \< 0.01) in Ovsynch-CIDR than CIDR-PGF2α ([Table 2](#tbl_002){ref-type="table"}). In this vein, the blood inflow was higher than outflow in the Ovsynch-CIDR group (3239 ± 150 and 2461 ± 195 pixels, respectively), but it nearly similar in the CIDR-PGF2α group (812 ± 56 and 718 ± 49 pixels, respectively).

At the luteal phase, the blue pixels, TBF, and PDP to the DF(s) were noticeably higher (P \< 0.05, P \< 0.05, and P \< 0.01; respectively) in the Ovsynch-CIDR (2361 ± 154, 3475 ± 163 and 2362 ± 100 pixels, respectively) than in the CIDR-PGF2α group (1387 ± 51, 2509 ± 98 and 1552 ± 71 pixels, respectively). Also, TBF and PDP to the CL were significantly higher in the Ovsynch-CIDR group than in CIDR-PGF2α (11060 ± 965 *vs*. 7963 ± 480 pixels, 1.4 times; P = 0.05 and 18900 ± 1350 *vs*. 13220 ± 68 pixels, 1.1 times; P = 0.005; respectively). Furthermore, CL red pixels (1.4 times, P = 0.05), blue pixels (1.3 times; P = 0.05), increased in Ovsynch-CIDR than CIDR-PGF2α. In this regard, the luteal blood inflow (blue pixels) was higher than outflow (red pixels) in the Ovsynch-CIDR group and closely equivalent in the CIDR-PGF2α group ([Table 3](#tbl_003){ref-type="table"}).

Influence of estrus synchronization protocol on circulating steroid hormonal levels in buffaloes
------------------------------------------------------------------------------------------------

On Day of CIDR removal, a significant (P \< 0.05) increase in E2 levels was found in the CIDR-PGF2α group (6.65 ± 0.86 pg/ml) than in the Ovsynch-CIDR group (4.52 ± 0.36 pg/ml). Whereas, E2 at estrus and P4 at luteal phase were substantially (P \< 0.05) elevated in the Ovsynch-CIDR group (35.55 ± 2.95 pg/ml and 3.94 ± 0.62 ng/ml) compared to the other group (24.31 ± 4.02 pg/ml and 1.81 ± 0.49 ng/ml).

Influence of estrus synchronization protocol on fertility indices in buffaloes
------------------------------------------------------------------------------

The rate of estrus synchronization and pregnancy rates (on Day 28--35 post-AI) were higher in Ovsynch-CIDR than CIDR-PGF2α, but unfortunately, these values did not reach to a significant level (P = 0.46 and P = 0.31; respectively) ([Table 4](#tbl_004){ref-type="table"}Table 4.Comparative efficacy of controlled internal drug release (CIDR)-PGF2α and Ovsynch-CIDR protocols on the fertility of Egyptian buffaloesItemCIDR-PGF2αOvsynch-CIDRP-value (*Chi*-test)Estrus response rate ^a^12/18 (67%)14/18 (78%)0.46Pregnancy rate ^b^9/18 (56%)12/18 (67%)0.31^a^ Estrus response rate was defined as the percentage of animals that expressed heat after the final dose of each regimen. ^b^ Pregnancy rate was calculated as the number of pregnant buffaloes divided by the total number of synchronized buffaloes × 100.).

Discussion {#s3}
==========

Estrus synchronization and AI are effective management tools to help animal producers to incorporate superior genetics and to maximize the reproductive performance of their herd \[[@r15]\]. Yet, small buffalo breeders in many areas of Egypt are reluctant to implement this knowledge, primarily due to costs, time and labor constraints as well as the low success rate of the synchronization regimens in terms of conception and/or pregnancy rates. The data presented in the current study will help in the decision of selection between two synchronization regimens in buffaloes. Here, the incorporation of CIDR in the Ovsynch protocol was advantageous in improving the synchronization response judged by enhancing the follicular activity, CL status and blood perfusion to ovarian structures. In addition, it will open new insight to apply further experiments to solve different reproductive disorders in Egyptian buffaloes such as anoestrum, silent heat, and poor conception rate \[[@r3], [@r4]\].

In the current study, follicular activity was amended at CIDR removal, with an obvious improvement was in the CIDR-PGF2α group in terms of follicular area and dominant follicles diameters (1^st^ and 2^nd^ large follicles) accompanied by a marginal increase in E2 levels. But these changes seem to be temporal because the Ovsynch-CIDR group expressed an enhanced ovarian activity at the time of estrus and later during the luteal phase. These changes were parallel with increasing of blood perfusion to the DF(s) (at estrus) and CL (at luteal phase). In addition, it was concomitant with an increase in E2 (at estrus) and P4 (at luteal phase). The enhanced ovarian activity and the increase in E2 in the CIDR-PGF2α group on the Day of CIDR removal might be attributed to the impact of PGF2α. In this group, PGF2α was administered one day before the CIDR withdrawal that might induce regression of active corpora lutea that might still exist prior to CIDR withdrawal \[[@r16]\]. This action, in turn, decreased endogenous P4 that has an inhibitory effect on follicular growth \[[@r16], [@r17]\]. Besides, the increase in follicle diameter that had larger granulosa and theca cells mass, in turn, improved the follicular steroidogenic capacity \[[@r18]\].

In the meantime, the results of B-mode, as well as color Doppler ultrasonography in the Ovsynch-CIDR group, support the benefits of GnRH in enhancing the response to CIDR synchronization protocol. These findings agree with former studies in non-cyclic buffalo that indicated that the supplementation of progesterone between the first GnRH and PGF2α administration was associated with an increased conception rate \[[@r19]\].

The increases in follicular blood flow observed in the Ovsynch-CIDR group might be due to the increased pre-ovulatory follicle angiogenesis (indicated by vascular endothelial growth factor expression) under gonadotrophic treatment \[[@r20]\]. The theca layer of the pre-ovulatory follicle develops a thin capillary tissue over the granulosa layer, and the increase in blood flow into the theca layer facilitates follicular development \[[@r21]\]. This might responsible for the upsurge of circulating E2 levels in the Ovsynch-CIDR group. E2 has been supposed to be one of the essential factors in the regulation of blood perfusion in the reproductive tract due to its vasodilatory role \[[@r22]\]. An increase in follicular blood flow and E2 levels were noticed after GnRH administration, and these increases cause metabolic function changes in follicle cells \[[@r23]\]. High levels of E2 at the time of estrus and ovulation activate endothelial nitric oxide synthase production, which induces rapid vasodilation and increases the blood flow to the specified reproductive organs \[[@r22]\].

The increase in luteal blood flow in Ovsynch-CIDR compared to CIDR-PGF2α was verified with color and power Doppler modes. This might be attributed to the effect of GnRH \[[@r24]\] which is assumed to have direct, gonadotropin-independent effects on the ovarian hemodynamic \[[@r25]\]. Explaining the mechanism by which GnRH affect luteal blood flow was beyond the current study aims. Yet, GnRH-dependent luteal blood flow mechanism might be mediated by some factors such as vascular endothelial growth factor, angiopoietin and vascular permeability \[[@r26]\].

Although follicular activity and blood perfusions at the estrus and luteal phases varied markedly between the two groups, the differences in estrus response and pregnancy rates were not reached to the statistical level. Perhaps due to the small animal's population used in the current study. Nevertheless, numerically, the Ovsynch-CIDR regimen used under the present study conditions was more effective for improving fertility in the cyclic buffaloes. An evaluation of CL hemodynamic during the early luteal phase was used to predict the ongoing pregnancy in Egyptian buffaloes \[[@r13]\]. Early studies showed a positive relationship between greater blood flow of the pre-ovulatory follicle and the cows that became pregnant \[[@r27]\].

The striking feature of this paper is the evaluation of the efficacy of the two protocols on ovarian hemodynamics. Characterization of ovarian response to each regimen based on this parameter provided fundamental information and understanding of its influence on follicular and CL development, and their possible association with animal fertility after AI. However, authors think the importance to provide all various parameters including the pregnancy rate as an index of the fertility response for comparison between the two regimens, even it showed only numerical improvement in animal response that may be attributable to a small sample size of animals used. A further correlation study on a larger animals' sample may be considered important to validate the applicability of this protocol in improving Egyptian buffalo fertility.

Based on the presented findings, Ovsynch-CIDR protocol substantially increases ovarian activity, follicular (at estrus) and luteal (post-ovulation) blood flow in association with an improvement of the fertility indices as compared with the CIDR-PGF2α regimen, though the differences in pregnancy rate were not reached to a significant level.
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